Xe 4d photoionization in Xe@C 60 , Xe@C 2 4o, and Xe@C 60 @C 2 4o 
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Synopsis Re-evaluated parameters for the square-well potential model for photoionization of endo-fullerenes are 
proposed and employed to reveal the spectacular modifications in the Xe 4d photoionization giant resonance along 
the path from XeOCeo to Xe@C240 to multi-walled Xe@C6o@C240- 


Resonances, termed confinement resonances 
(CR's), in photoionization of atoms A confined 
inside the Ceo cage - A@Ceo endo-fullerenes - 
have been the subject of numerous theoretical 
studies [1] (and references therein). There, many 
important discoveries have been made, in partic- 
ular, in the frameworks the A-potential model 
[1], which approximates the Ceo cage by the 
square-well potential of a certain finite width 
A, inner radius ro, and depth Uq, and the 5- 
potential model [2] which assumes the Cgo cage 
to be infinitesimally thin. Both models have 
an indisputable value in providing a transparent 
initial understanding which aspects of the pho- 
toionization spectrum of an encapsulated atom 
A are most unusual, thereby identifying the most 
useful measurements which could be performed. 
Thus, theoretical predictions of a spectacular 
splitting of the Xe@Ceo 4d photoionization gi- 
ant resonance by CR's have served an impetus 
for the recent measurement of this phenomenon 
in Xe@CgQ [3]. Victoriously, it has confirmed 
a general prediction of the existence of CR's in 
endo-fullerene spectra. The experiment has also 
revealed noticeably stronger developed CR's in 
the Xe 4d giant resonance than those predicted 
in the A-potential model [1]. It is argued in the 
present paper that while the size of Cgo and its 
binding strength are somewhat robust parame- 
ters, the thickness A of the Cgo cage is less ro- 
bust and can be empirically varied until a closer 
match of calculated and experimental results is 
achieved. We thus find A ncw « 1.25, rg cw « 6.01, 
and Uq cw ~ —0.422 au compared to the formerly 
used A old » 5.8, rg ld 5.8, and C/ O old « -0.302 
au [1]. The calculated data for the Xe 4d pho- 
toionization cross section a^, upon the Xe@C^ 
photoionization, obtained with the use of both 
the new and old A, ro and Uq, are compared 
with experiment [3] in figure 1, a. A much closer 
agreement between experiment and the thus cal- 
culated new <T4d (o"4j w ) (solid line) is obvious. 

To advance the study of CR's in the Xe 
4d photoionization giant resonance in endo- 
fullerenes, we have extended it to the gi- 
ant Xe@C24o an d nested Xe@Ceo@C24o endo- 
fullerenes; the latter was accounted for in the 
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nested- A-potential model developed in [4]. With 
the above found thickness A ~ 1.25 au in mind, 
we find that, for C240, tq ~ 12.875 and Uq ~ 
—0.52 au. The calculated results are depicted 
in figure 1 , b which unravels impressive modi- 
fications in the emerging CR's along the path 
Xe@C 60 -»• Xe@C 24 o ->■ Xe@C 60 @C 2 40- We chal- 
lenge experimentallists to observe them. 
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Experiment [3]. 



90 100 110 

Photon energy, eV 

Figure 1. The Xe 4d photoionization cross sec- 
tion in the Xc-endo-fullerenes and free Xe, as 
marked; [3] is multiplied by a factor of 10 to 
compare it with theory - a™™ and af^ (see text). 
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